The cardiac muscle cell-restricted expression of myosin lightchain 2 (MLC2v) gene offers an attractive experimental paradigm for uncovering the role of specific transcription factors and their co-regulators in modulation of gene activity in response to different muscle cell type signalling [7] [8] [9] . The [10] [11] [12] [13] [14] [15] . The activation of chicken MLC2v gene transcription is orchestrated by the combinational interaction of MEF-2 [7] , SRF [11] and Nished [15] with the proximal promoter elements in concert with the co-activators NFAT-c4 and p300 [15] , whereas its inhibition in skeletal muscle cell requires an intact upstream element (CSS) [10] and a downstream modulator element [14] . We have recently reported that a ubiquitous transcription factor, Nished, recognizes the palindrome sequence present in both the negative CSS and the positive IRE elements to facilitate the negative and positive transcription activity of MLC2v gene, respectively [15] . 
In this report, we provide evidence that Nished promotes repression of the cardiac MLC2v in skeletal muscle cells via its association with histone deacetylases co-repressor complex at the CSS site. The HDAC inhibitor, TSA, releases the Nished-mediated repression of MLC2v gene transcription in a dose-dependent manner. Chromatin immunoprecipitation data suggest that IRE is inaccessible to Nished in skeletal muscle cells affording thereby the preferential binding of Nished to CSS and the concurrent repression of MLC2v gene transcription. Taken together, our data define the mechanism in which Nished plays a key role via its interaction with HDAC. In addition, the inaccessibility of the activator IRE site influences the formation of a functional complex promoting the repression of the cardiac MLC2v gene in skeletal muscle cell.

Materials and methods
Construction of mutant CSS and IRE reporter plasmids
Generation of N-terminal and C-terminal mutants of Nished
Gel mobility shift assay (GMSA)
Tissues from either fresh or frozen embryonic hearts and skeletal soleus muscles were minced finely and the dissociated cells were lysed in lysis buffer as described previously [10, 15] . Nuclei were lysed in the nuclei lysis buffer (20 [7, 10, 15] . Protein -DNA complexes were separated by electrophoresis on 6-8% non-denaturing polyacrylamide gels as previously described [7, 13] [15] . 
Microaffinity purification
Nished represses cardiac MLC2v gene in skeletal muscle cells
In previous studies, Arnold and co-workers [16] (Fig. 4) Fig. 1 
that the ectopic expression of Nished does not repress the activity of MLC2v promoter with wild-type IRE, supporting our argument (see
) that IRE/Nished interaction overrides the repressor activity of the CSS/Nished complex. Repression of promoter activity occurs when IRE is mutated. Apparently, the absence of wild-type IRE and loss of IRE/Nished interaction would drive Nished to CSS to cause inhibition of transcription.
To further investigate the role of Nished as repressor, we used the mouse skeletal muscle cell line C2C12 to produce Nished expressing stable transfectants, N1, (see 'Materials and Methods'). Immunoprecipitation and Western blotting of cell extracts with anti-Nished antibody showed an enhanced level of Nished expression in N1 cells relative to the parent cells C2C12. GHAPDH levels were detected as loading control (Fig. 5A). Upon transient transfection of mutant MLC2 promoter (pMutIRELuc) in N1 cells, there was repression of the reporter plasmid compared to the level of expression in the parent cell line C2C12 (Fig. 5B). Taken together, these results suggest that Nished effectively down-regulates the MLC2v promoter activity when its binding is restricted to CSS alone, an environment mimicking that of the skeletal muscle cell.
DNA binding domain in Nished
In an attempt to localize the DNA binding domain in Nished, we created two N-terminal, N⌬1 (34-137) and N⌬2 (90-137) and two
Fig. 2 Gel mobility shift assay. Nuclear extracts of Chicken skeletal muscle cells pre-incubated with anti-Nished antibody (Nished) or preimmune serum (PI) were incubated with radiolabelled CSS oligonucleotide and subjected to gel mobility shift assay as described in 'Materials and Methods'. ᮀ denotes the DNA-protein complexes disrupted by anti-Nished antibody.
Fig. 3 Chip assay with extracts from Chicken cardiac and skeletal muscle tissues. (A) Upper panel shows the ChIP assay performed in cardiac tissue for detection of active chromatin antiH3K4 (trimethylated) and inactive chromatin anti-H3K9 (monomethylated) antibodies. We used primer flanking the IRE region in the cMLC2 gene, and as positive control the GAPDH primer, and as negative control primers that recognize the ApoB gene. (B)
Lower panel shows a representative PCR using the same antibodies and target primers described in A but using skeletal muscle tissue. (Fig. 6D ). (5, 10, 25 nM) , to nearly 2.5 fold (Fig. 7A) , whereas the pMutIRELuc was not activated in primary cardiac cells exposed to TSA (Fig. 7B) 
C-terminal C⌬1 (1-64) and C⌬2 (1-115) mutants (Fig. 6A) (see Materials & Methods). The wild-type Nished and the mutants in lanes N⌬1, C⌬1, N⌬2 and C⌬2 were tested by micro-affinity isolation assay (see Materials & Methods) where the in vitro trans
Nished associates with HDACs co-repressor proteins
To evaluate the mechanism by which Nished inhibits MLC2v gene transcription in non-cardiac cells, we examined the involvement of HDAC activity in MLC-2v gene repression. Upon exposure to Trichostatin A (TSA), a Class I-II HDAC inhibitor, the promoter activity of the pMutIRELuc reporter in skeletal muscle cells was activated in a dose-dependent manner
Fig. 5 Western blot of total cell lysates from C2C12 cells stably transfected with pcDNA6 vector (V6) or with plasmid expressing Nished (N1). (A) cell lysates were immunoprecipitated and blotted with anti-Nished antibody or pre-immune serum. As loading control we used equal amount of proteins from each cell line, and by Western blot determined the GAPDH levels. (B) Transient transfection of plasmid pMutIRELuc in C2C12 cells stably transfected with pNished (N1) or vector alone (V5
